Objectives: Periodic social events may influence the incidence and course of status epilepticus (SE), likely explained by patients' behavioral changes regarding alcohol intake, sleep, and compliance with antiseizure medication. However, data regarding the association between such events and SE are lacking. The aim of this study was to identify and quantify associations between periodic social events and the incidence, etiology, and outcome of SE. Methods: Adult patients who were admitted to a tertiary academic medical care center with SE from 2005 to 2015 were included. Associations between periodic social events (including birthday, Christmas, New Year's Eve, carnival, national holiday) and the number and etiologies of SE over time were calculated using linear and Poisson regression. Logistic regression was applied to identify associations between time from social events and outcome. Results: Four hundred nine patients with a median age of 66 years (interquartile range 52-76) were analyzed. The number of total SE events and SE in patients with known epilepsy peaked within 2 weeks following social events and then decreased with each additional day (incidence rate ratio [IRR] per day 0.99, 95% confidence interval [CI] 0.98-0.99; P < .001 and IRR per day 0.99, 95% CI 0.98-0.99; P < .001, respectively) and week (IRR per week 0.94, 95% CI 0.93-0.95; P < .001 and IRR per week 0.94, 95% CI 0.92-0.96; P < .001, respectively). The highest proportion of epilepsy patients not taking antiseizure medication was seen closest to social events and decreased thereafter (IRR per day 0.99, 95% CI 0.98-0.99; P = .003). There was no association between time from social events and outcome. Significance: Our findings support the hypothesis that periodic social events in adults may be associated with an increase in SE and should heighten awareness for SE in this context. Clinicians are urged to inform epilepsy patients regarding this association and to instruct them on preventive measures around such events.
| INTRODUCTION
Status epilepticus (SE) is one of the most feared and lifethreatening neurological emergencies, with an incidence of 15 to 20 per 100,000 per year. 1 Patients with seizures and SE are among the most common reasons for the need for emergency medical services, 2, 3 and up to one-fifth of adults with active epilepsy attend the emergency departments every year. 4 A large number of epidemiological and clinical studies identified and examined several risk factors for seizures and SE including factors resulting from patients' behavior, such as alcohol intake with subsequent withdrawal, 5, 6 irregular sleep-wake patterns that may result in sleep deprivation, [7] [8] [9] [10] and noncompliance with antiseizure medication in patients with epilepsy. 11 Although, at first glance it seems plausible that periodic social events may significantly influence the incidence and course of SE, likely explained by patients' behavioral changes regarding alcohol intake, sleep, and compliance with antiseizure medication, data regarding the association between such events and SE are lacking. Randomized controlled trials in this context are not feasible, as reflected by the lack of registered studies according to the U.S. National Institutes of Health (www. clinicaltrials.org).
The aim of this cohort study was to identify and quantify associations between periodic social events and the incidence, etiology, and outcome of SE.
| METHODS

| Setting and design
This observational cohort study was performed at the University Hospital Basel (Switzerland), an academic tertiary medical care center treating more than 47,000 medical emergencies annually. The study was approved by the local ethics committee (Ethikkommission Nordwestschweiz, EKNZ) according to the declaration of Helsinki (as revised in 2013, Fortaleza) and patients' consent was waived. We adhered to the STROBE guidelines for reporting observational studies (www.strobe-statement.org).
| Patients and data collection
Adult SE patients (ie, >18 years of age) were assessed from the digital patients records and electroencephalography (EEG) database from the University Hospital Basel. Clinical and electroencephalographic data were assessed from all consecutive SE patients between January 2005 and December 2015 treated at the University Hospital Basel. For all patients, the closest time from periodic social events (including birthdays, Christmas, New Year's Eve, carnival, and national holiday) to SE onset was calculated. The national holiday in Switzerland falls on the 1st of August every year and is the only official federal holiday celebrated nationwide. These periodic social events were chosen as they are known to be associated with changes in patient's behavior affecting alcohol consumption, sleep, and compliance with antiseizure medication in our immediate catchment area. Other periodic social events related to cultural or religious minorities in our area were not considered, as they are not celebrated by large proportions of the local population and are less likely to influence event rates.
Data on demographics, level of consciousness and worst seizure type at SE onset, etiology of SE, known epilepsy (diagnosed prior to the captured episode of SE), additional critical medical conditions, duration of mechanical ventilation, the administration of antiseizure drugs (ASDs) and use of vasopressors, complications (including infections, hypotension, requirement of intubation), return to functional baseline, and death were compiled. Potentially fatal etiologies were defined as the presence of one or more of the following life-threatening etiologies: acute intracranial hemorrhage, acute ischemic stroke, acute traumatic brain injury, acute metabolic derangements, (meningo-)encephalitis, acute and severe intoxication, and intracranial surgery.
Among patients with underlying epilepsy, confirmed drug withdrawal or the presence of underlying pathologic brain conditions was captured. Confirmed drug withdrawal was defined as either a clear statement of the patient or next of kin confirming irregular or no intake of ASDs the days before SE or as evidence of serum levels of prescribed ASDs below the therapeutic pharmaceutical window.
In addition, we assessed critical medical conditions including liver and/or renal failure, coronary heart disease, cardiopathy, malignant tumors not affecting the brain, acute respiratory distress syndrome, and complications such as infections, hemodynamic instability requiring vasopressors, and respiratory failure requiring mechanical ventilation.
Key points
• The number of SE events and SE in patients with epilepsy peaked within 2 weeks following social events and then decreased with each day
• The highest proportion of epilepsy patients with SE not taking antiseizure medication was seen closest to social events
• Clinicians are urged to heighten their awareness for SE and to instruct epilepsy patients on preventive measures around such events During the study period, antiseizure therapy was standardized with first-line ASDs as the initial SE treatment (intravenous benzodiazepines administered as a bolus), followed by the administration of second-line ASDs (including phenytoin, levetiracetam, and valproic acid) if SE persisted, and further treatment escalation with nonsedating third-line ASD treatment (including lacosamide, topiramate, vigabatrin, carbamazepine, and oxcarbazepine), with or without and continuously administered anesthetic drugs (including continuous infusions of midazolam, propofol, and barbiturates) if second-line ASDs failed. Midazolam and/or propofol were administered with the aim of seizure suppression and barbiturates to induce an isoelectric EEG. 12 At our institution, the acquisition of neuroimaging was routinely performed for all SE patients to uncover or exclude underlying brain lesions. Patients with hypoxicischemic encephalopathy or missing data were excluded. 14 To assess and adjust our analyses for SE severity, SE was graded using the Status Epilepticus Severity Score (STESS)-the only independently validated clinical scoring system that allows reliable grading of SE severity and prediction of death. 15 Analogous to Rossetti et al, the following integral components of STESS were used and categorized as follows: Worst seizure types at presentation (nonconvulsive SE [NCSE] without coma SE = 0 points; convulsive SE = 1 point; and generalized NCSE in coma = 2 points), history of prior seizures (present = 0 points; absent = 1 point), age ≥65 years (2 points), and level of consciousness at SE onset (stuporose/comatose = 1 point).
| Definition and severity of SE
| Primary and secondary outcomes
The primary outcome was the number of SE events within proximity to periodic social events. The primary outcome was investigated within the total cohort and within the subgroup of patients with known epilepsy with and without acute brain lesions. Secondary outcomes were in-hospital death and return to functional baseline in SE survivors in association with time from closest periodic social event.
| Statistics
The Mann-Whitney U test was used to compare the median frequency of SE events between the week following periodic social events and weeks without periodic social events. Comparisons of proportions of SE patients with epilepsy and deaths within the 2 weeks following periodic social events and all other SE patients were calculated using a 2-sample test of proportions. Changes of the number of SE events per day and per week as well as the number of SE patients with known epilepsy with and without acute brain lesions were determined using Poisson regression and linear regression models for analyses of proportions. Associations between the binary outcomes in-hospital death and return to functional baseline in survivors and the time from periodic social events were calculated using logistic regression. Two-sided P-values <.05 were considered statistically significant. Statistical analysis was performed with STATA version 14.0 (Stata Corp., College Station, TX, USA). After a peak within 2 weeks following periodic social events, the number of SE events decreased per every additional day (incidence rate ratio [IRR] per day 0.99, 95% confidence interval [CI] 0.98-0.99; P < .0001) and week (IRR per week 0.94; 95% CI 0.93-0.95; P < .0001; Figure 1 ). The median number of SE was significantly higher in the first 2 weeks following periodic social events compared to all other weeks (SE within 2 weeks median 4, IQR 4-5 vs SE after one week median 2, IQR 0-3; P < .0001; Figure 1) . Among the 62 patients developing SE closest to periodic social events (ie, within 2 weeks after social events), 44 patients were admitted with SE and the remaining 18 patients developed SE during their hospital stay, the latter decreasing the likelihood of significant exposure to social events. Most important clinical and SE characteristics of the 44 patients with SE on admission closest to Similar to the results regarding SE following periodic social events in the entire cohort, the number of SE patients in the subgroup of patients with underlying known epilepsy showed a decrease after a peak within 2 weeks per every additional day (IRR per day 0.99, 95% CI 0.98-0.99; P < .0001) and week (IRR per week 0.94, 95% CI 0.92-0.96; P < .0001; Figure 2 top ). In addition, in patients with epilepsy and no acute brain lesions, SE showed a decrease after a peak within 2 weeks per every additional day (IRR per day 0.99, 95% CI 0.98-0.99; P < .0001) and week (IRR per week 0.93, 95% CI 0.91-0.95.; P < .0001; Figure 2 bottom). After a peak of the proportion of SE patients with epilepsy within 2 weeks following periodic social events, linear regression revealed a decrease of proportions per every additional day (linear regr. coeff. per day À0.001, 95% CI À0.002 to À0.0005; P = .002). Analyses regarding further characteristics of epilepsy patients revealed that patients not taking ASDs decreased per every additional day following periodic social events (IRR per day 0.99, 95% CI 0.98-0.99; P = .003). However, analyses regarding the reason for epilepsy patients developing SE close to social events not taking ASDs were not possible, as data in this context were incomplete due to the retrospective nature of the study. There was no significant change regarding the number or distribution of SE types, or age over time.
| RESULTS
Between
Logistic regression revealed no significant association between the time from closest periodic social event to SE and in-hospital death (OR 1.0, 95% CI 0.99-1.01; P = .319) and return to functional baseline in SE survivors (OR 0.9, 95% CI 0.99-1.00; P = .673), and there was no difference in mortality between the 44 patients admitted with SE closest to periodic social events compared to the other 365 patients (6/44, 13.6% vs 44/365, 12.1% P = .774).
| DISCUSSION
To our knowledge, this is the first study exploring and identifying associations between periodic social events and the emergence of SE in adults. In our study, the number of SE peaked within the first 2 weeks following social events and subsequently decreased over time. These results support the hypothesis that behavioral changes around periodic social events in adults may trigger SE. The periodic social events included in this study (ie, birthday, Christmas, New Year's Eve, carnival, and national holidays) are possibly related to factors that may put patients at risk for seizures and SE, such as behavioral changes including alcohol consumption with subsequent withdrawal, 5, 6 altered sleep patterns or sleep deprivation, [7] [8] [9] [10] and ASD withdrawal or noncompliance with antiseizure medication, 11 an unresolved problem among many different cohorts regardless of social events. [16] [17] [18] At first glance, the incidence rate ratios seem small. However, it should be considered that the incidence rate ratio represents the decrease of SE events per each day or week. For example, a weekly SE Incidence Rate Ratio of 0.94 represents a 6% decrease of SEs by every additional week or a reduction of SE of up to 24% within one month. Remarkably, a large proportion of patients developing SE close to social events had underlying epilepsy, no regular intake of ASDs, and no acute brain lesions as the underlying etiology. The latter suggests that patients with epilepsy may be more susceptible to SE after having experienced social events and having undergone typical behavioral changes related to these events. Consequently, this vulnerable group of patients is likely to benefit from a regular intake of ASDs in this context. The number and proportion of patients with known epilepsy with and without acute brain lesions decreased significantly over time after a peak within 2 weeks following social events, with the proportion of epilepsy patients in the group categorized as being closest (ie, event ≤14 days prior SE). In line with this result, the proportion of patients with known epilepsy and no acute brain lesions was significantly higher among patients with SE within 2 weeks following social events compared to all others.
Similarly to our study, birthday was associated with an increased risk (+27%) of stroke, transient ischemic attacks, and acute myocardial infarction in a population study conducted in Ontario, Canada. 19 In addition, cardiac and noncardiac mortality has been shown to be higher by 5% around Christmas and New Year's Eve than at any other time, which is possibly due to delays in seeking help during the twin holiday period. 20 Despite significant changes of the incidence rate ratios of SE in close temporal relation to social events, our study could not reveal associations between outcome and the time interval between SE and social events. To what extent social events or associated behavioral changes have influenced outcome remains unclear, as our data are insufficient to distinguish between the effects of specific mediators that are correlated to social events and the effect of social events per se.
| Limitations
The limitations of this study are the retrospective observational design in a single tertiary care center. However, similar to prior SE studies. We acknowledge that we only assessed associations between the number of SE and selected periodic social events, which were chosen as they are known to be associated with changes in patient's behavior affecting alcohol consumption, sleep, and compliance with antiseizure medication. However, the periodic social events analyzed represent recurrent events that are most likely to influence all 3 behavioral patterns and affect the largest numbers of the population in our immediate catchment area. Furthermore, our analyses provide associations only, and conclusions regarding causality cannot be drawn. In addition, it remains unclear to what extent the association between social events and the number of SE is a surrogate for the cumulative effects of risk factors for SE that may be more frequent around these events, such as sleep deprivation, withdrawal from alcohol consumption, or drug withdrawal.
| CONCLUSIONS
Our findings add credence to the hypothesis that periodic social events in adults are associated with an increase in SE events and should heighten awareness for SE in this context. Further studies are needed to confirm these associations and to investigate the beneficial effects of preventive interventions in this context. Meanwhile, clinicians are urged to inform epilepsy patients regarding this association and to instruct them on preventive measures, such as restrictive alcohol intake, avoidance of sleep deprivation, F I G U R E 2 Status epilepticus events following periodic social events in patients with known epilepsy with (top) and without (bottom) acute brain lesions. 95% CI = 95% confidence interval and compliance with antiseizure medication around periodic social events similar to the ones in our analysis.
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